The conform ationally restricted adenine nucleotide analogs 8,3'anhydro-8-oxy-9-(/?-D-xylofuranosyl) adenine-5'-0-tri (d i) -phosphate ( I ) , and 8,2'-anhydro-8-oxy-9-(/5-D-arabinofuranosyl) adenine-5'-0-tri (di)-phosphate (II), were prepared chemically as their a-32P-labelled compounds and compared with syn-structured 8-bromo A T ( D ) P in mitochondrial adenine nucleotide translocation.
Introduction
The adenine nucleotide carrier is an integral lipo protein of the inner mitochondrial membrane and catalyses the transport of adenine nucleotides across it [ 1 -3 ] .
This transfer system is highly specific for A T P and A D P as substrates [4 -6 ] .
To characterize structural features involved in carrier specific adenine nucleotide binding and transfer with respect to the nucleobase-ribose orien tation, i. e. syn-anti conformation, the conforma tionally restricted adenine nucleotide analogs I (Fig.  1 a) and II (Fig. 1 b) were used and compared with syn-structured 8-bromo A T (D ) P.
The experimental findings demonstrate that spe cific changes in the heterocycle-ribose orientation affect carrier mediated transport very strongly.
M ethods and M aterials

Chemical syntheses
ß^-Anhydro-S-oxy-Q-(/?-D-xylofuranosyl) adenine was prepared starting from 3 -triisopropylbenzenesulfonyl-8-bromo adenosine which was converted to the 8-oxyderivate by treatment with sodium acetate in acetic acid. S-Oxy-S'-triisopropylbenzenesulfonyl- adenosine was then cyclized by heating with sodium acetate in dimethylformamide to yield S^-anhydro-8-oxy-9-(/?-D-xylofuranosyl)adenine [7 ] . The [ 32P ] S'-monophosphate of this nucleoside (3 7 //mol) was prepared according to Sowa and Ouchi [8 ] 8,2,-Anhydro-8-oxy-9-(/5-D-arabinofuranosyl) ade nine was obtained according to the reaction se quence described for 8 ,3 -anhydro-8-oxy-9-(/?-Dxylofuranosyl) adenine, however, ''vith 2,-triisopropylbenzenesulfonyl-8-bromo adenosine [7 ] as start ing material. For further characterization of the fused ring nucleosides see Ikehara and Kaneko [7 ] , The synthesis of a- [ 32P ] Table I .
Translocation measurements
Mitochondria were prepared from rat liver (male Wistar rats, 150 -200 g weight, Versuchstierzuchtbetrieb Winkelmann, Borchen) following published 
Translocation properties
The adenine nucleotide analog I I exhibits carrier specific binding to rat liver mitochondria whereas the analog I does not. Neither of these analogs show any detectable carrier mediated exchange with the endogenous adenine nucleotide pool across the inner mitochondrial membrane. The external concentra tion of the nucleotide analogs was varied in a range up to 25 j u m . Values are given in Table II 
Inhibition studies
Inhibition experiments were carried out with the analog I I which was found to bind specifically to the adenine nucleotide carrier to evaluate the effect on [ 14C ]A T P uptake by rat liver mitochondria. The inhibitor constant K\ was derived from a Dixon plot (Fig. 2) and controlled arithmetically using the Lineweaver-Burk linearisation with a range of con fidence of 95 percent in the regression analysis 
Conformational aspects
To facilitate the discussion about structural re quirements of the adenine nucleotide carrier binding site with respect to its substrate some essential con formational data of the analogs are given in this section. In the nucleotide I the heterocycle is cen tered by the anhydro linkage in an anti position around the N-glycosidic bond with 
Discussion
Nucleotides are built up by three chemical fea tures: (1 ) the ionized phosphate chain, (2 ) the hydrophilic sugar and (3 ) the hydrophobic hetero cycle thereby generating distinct nucleotide con formations leading to their biofunctional versatility. Conformational alterations concerning primarily the heterocycle-ribose orientation -as described in this paper -were introduced into the adenine nucleotide molecule either by bridging these two nucleotide segments or by substitution of the C8-hydrogen by a bulky group, e. g. bromine. Such analogs, therefore, are useful tools to characterize structural requirements of the mitochondrial adenine nucleotide carrier for substrate binding and trans membrane exchange.
It is known that an adenine base positioned in the anti region as in A T P (<PC$ = -20° [ 2 5 ]) and a base restricted to the syn range as in 8-bromo A T P (Fig. 3 c) both allow carrier specific binding of the appropriate nucleotides. A covalent fixation of the nucleobase, on the other hand, even in an anti posi tion as it exists in the fused ring compound I (Fig.  I a, 3 a) impedes specific binding. This may be due to the loss of rotational freedom of the heterocycle leading to an overall structure of the nucleotide that cannot be accomodated in the carrier binding site.
Exclusion of a covalently fixed anti positioning of the adenine ring, on the other hand, as present in II ( Fig. 1 b, 3 b) still allows carrier-specific binding which is also possible when the heterocycle is sterically stabilized in the syn region as found in 8-bromo A T P . Both analogs do not attain such a positioning in the carrier binding site that the trans fer step is induced, but they are both competitive inhibitors. K\ of the adenine nucleotide analog I I (Fig. 2) and 8-bromo A T P [1 8 ] , both in the range of 10~4 M , are about one to two orders of magnitude higher than K d for A T P [4 ] . This difference in binding is due to the covalently fixed adenine hetero cycle in the syn/anti boundary in compound II and the stabilized syn conformation in 8-bromo A T P , respectively.
In conclusion, the experimental findings with the conformationally restricted adenine nucleotide ana logs point out that the induction of the transfer step depends primarily on a non fixed nucleobase in the anti region. Moreover, an unblocked 2r-ribo hy droxyl group is necessary for the bound nucleotide to induce the catalytic action of the adenine nucleotide-carrier [2 6 ] probably by means of hydrogen bonding interaction to the complementary position in the adenine nucleotide carrier protein.
